Abstract
revealed that G2, G3 and G4 strains began coloring at S1, with visibly more intense 258 red colour in G3 and G4 (Fig. 1A) . Pigmentation of these five strains that 259 progressively advanced at much higher levels from S1 to the subsequent stage S3, 260 resulting in red coloured fruit at maturity. In addition, red coloration was gradually 261 proliferated from G0 to G4 at the three stage, respectively.
262
Consistent with the visual inspection, the analysis of apple pericarp anthocyanin 263 contents showed that the levels of total anthocyanin in the five strains were initially 264 low and sharply increased along with maturation progression (from S1 to S3) 265 (Fig. 1B) . Relative to G0, the total anthocyanin level was ~0.78-, ~1.20-, ~5.02-and 266 ~2.85-fold higher in G1, G2, G3 and G4 fruit skin at the S1 stage, respectively. At S2, 267 it was ~1.41-, ~4.65-, ~6.33-and ~4.72-fold higher in G1, G2, G3 and G4 fruit skin, 268 respectively. Finally at S3, it was ~2.14-, ~3.41-, ~5.25-and ~4.35-fold higher in G1, 269 G2, G3 and G4 fruit skin, respectively. Briefly, anthocyanin content from the three 270 stages was the lowest in G0, and highest in G3, followed by G4, G2, and G1. The hormone levels also were analyzed at three time points (S1, S2,and S3). The 275 overall trend of IAA concentrations in apple pericarp increased firstly and then 276 decreased from S1 to S3 and peaked at S2 (Fig. 1C) . However, GA content were 277 decreasing from S1 to S3 (Fig. 1D) . ABA concentrations of G0, G1 and G2 peaked at 278 S1, whereas G3 and G4 peaked at S2 (Fig. 1E) G0 versus G4, G1 versus G2, G2 versus G3, and G3 versus G4) were made at S2 (Fig.   304 2, Supplemental Fig. S1 , Supplemental Table S2 Table S3 ). In the biological 319 process category, three significantly enriched terms including "defense response to 320 fungus", "1-aminocyclopropane-1-carboxylate biosynthetic process" and "negative 321 regulation of growth" were shared in G0 versus G1, G0 versus G2, G0 versus G3 and 322 G0 versus G4, among them, "1-aminocyclopropane-1-carboxylate biosynthetic 323 process" and "negative regulation of growth" also were enriched in G1 versus G2, G2 324 versus G3 and G3 versus G4. Furthermore, except for the two GO terms, other three 325 significantly enriched GO terms including "chitin catabolic process", "regulation of 326 leaf development" and "DNA conformation change" also were shared in G0 versus 327 G1, G1 versus G2, G2 versus G3 and G3 versus G4. The cellular component category 328 was further classified into "elongator holoenzyme complex", which was enriched in 329 G0 versus G1, G0 versus G2, G0 versus G3 and G0 versus G4, whereas, "elongator 330 holoenzyme complex", "mitochondrial intermembrane space" and "U12-type 331 spliceosomal complex" were shared in G0 versus G1, G1 versus G2, G2 versus G3 activity" were only in G0 versus G1, G1 versus G2, G2 versus G3 and G3 versus G4.
341
To further systematically understand the molecular interactions among the DEGs, 342 we performed KEGG analysis using KOBAS software. Significantly enriched KEGG 343 pathway "sesquiterpenoid and triterpenoid biosynthesis" was shared in G0 versus G1,
344
G0 versus G2 and G0 versus G3, but not in G0 versus G4 (Supplemental Table S4 ).
345
However, "sesquiterpenoid and triterpenoid biosynthesis" pathway comes from 346 "terpenoid backbone biosynthesis", which was both in G0 versus G3 and G0 versus 347 G4. Furthermore, the number of DEGs belonging to the triterpenoid biosynthesis 348 pathway were gradually increased from G0 versus G1 to G0 versus G4. In addition, pathway genes at S2 were investigated by preparing heat maps (Fig. 4A) . We focused 389 on the 28 DEGs involved in this pathway, among which 4 from cluster 1, 13 from 390 cluster 2, 10 from cluster 3, and 1 from cluster 5 (Supplemental Table S5 ).
391
Differences in the expression pattern of these genes from cluster 2 were found among 392 'Red Delicious' and its four generation mutants, strictly mirroring the differences in Fig. 4 and 5 were selected for expression levels examination by 455 qRT-PCR (Supplemental Table S8 ). The overall trend of relative expression levels at 456 three stage were consistent with that of deep sequencing at S2 (Fig. 6) and PER were aggregated in cluster 2 ( Fig. 4A ; Supplemental Table S5), which   476 matched with anthocyanin content (Fig. 1A, B GA were decreased with the maturation and pigment accumulation (Fig. 1C, E) . 
